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Description 

DATA SLICER CAPABLE OF CALIBRATING 

CURRENT MISMATCH 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a data slicer, and more particu- 
larly, to a data slicer capable of calibrating charge and 
discharge current mismatch. 

[0003] 2. Description of the Prior Art 

[0004] Digital data slicers, which compare analog signals with a 
reference level signal to determine whether the binary 
value of the input signal is "0" or "1", i.e. to convert ana- 
log input signals into digital output signals, are widely 
used in transmission systems. 

[0005] please refer to Fig.l showing a block diagram of a con- 
ventional digital data slicer 100. The data slicer 100 has a 
comparator 110, an inverter 115, a charge pump 120, and 
a low pass filter 130. The charge pump includes a current 


source 121, a first switch 122, a second switch 123, and a 
current sink 124. In Fig.l, the first switch 122 or the sec- 
ond switch 123 is turned on when the signal input to its 
control end is at high level respectively. When a sliced sig- 
nal V is at high level, the first switch 122 is turned on 
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and the second switch 123 is turned off, and the voltage 
source 121 charges node A. When the sliced signal V is 

out 

at low level, the first switch 122 is turned off and the sec- 
ond switch 123 is turned on, and the current sink 124 
discharges node A. 
[0006] After processing voltage signals at node A with the low 
pass filter 130, a reference signal V is generated, and 
the comparator 110 can generate the sliced signal V by 
comparing an input signal V with the reference signal V 

in 

. Theoretically, the current generated by the current 
source 121 or the current sink 124 must be the same in 
order to have a stable and accurate performance on data 
slicing. 

[0007] However, it is very difficult to manufacture a current 
source 121 and a current sink 124 having the same 
charge or discharge current. Under the condition that 
there is a current mismatch between them, after a few pe- 
riods, the error will be accumulated so that the whole sys- 


tern might become unstable and generate an erroneous 
sliced signal V . This is the main problem in the prior 
art. 

Summary of Invention 

[0008] it is therefore a primary objective of the claimed invention 
to provide a data slicer capable of calibrating current mis- 
match in order to solve the problem mentioned above. 

[0009] Briefly, a data slicer includes a comparator coupled with 
an input signal and a reference signal for generating a 
sliced signal, a waveform generator for generating a cali- 
bration signal, a pulse extension device coupled to the 
comparator and the waveform generator for modifying the 
duty cycle of the sliced signal or the calibration signal to 
output, a charge pump coupled between the pulse exten- 
sion device and a first node for charging and discharging 
the first node according to the signal output from the 
pulse extension device, a determining circuit for adjusting 
the data slicer according to the level change at the first 
node, and a feedback device coupled between the first 
node and the comparator for generating the reference 
signal. 

[0010] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 


after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0011] pig.l is a block diagram of a conventional digital data 
slicer. 

[0012] pig. 2 is a block diagram of a digital data slicer according 
to the first embodiment of the present invention. 

[0013] pig. 3 is a block diagram of a digital data slicer according 
to the second embodiment of the present invention. 

[0014] Fig. 4 is a block diagram of a digital data slicer according 

to the third embodiment of the present invention. 
Detailed Description 

[0015] please refer to Fig. 2 showing a block diagram of a digital 
data slicer 200 according to the first embodiment of the 
present invention. The data slicer 200 includes a com- 
parator 210 for generating a sliced signal V according 

to an input signal V and a reference signal V , a wave- 
in ref 

form generator 220 for generating a calibration signal V 

ideal 

in duty cycle of 50%, a multiplexer 230 coupled with the 
comparator 210 and the waveform generator 220 for se- 
lectively outputting the sliced signal V or the calibration 


signal V according to a selection signal SEL, a pulse 

ideal 

extension device 240 coupled with the multiplexer 230 
for modifying the duty cycle of the sliced signal V or the 
calibration signal V , a tunable charge pump 250 cou- 

ideal 

pled between the pulse extension device 240 and a first 
node A for charging or discharging the first node A ac- 
cording to a first modifying signal V and a second modi- 
fying signal V , a feedback device (a low pass filter 260 in 
this embodiment) coupled between the first node A and 
the comparator 210 for generating the reference signal V 
, a determining circuit 290 for adjusting the data slicer 
200 according to the level change at the first node A, an 
integrator 270 coupled with the first node A, and an ana- 
log-to-digital converter (ADC) 280 coupled between the 
integrator 270 and the determining circuit 290. 
[0016] Furthermore, in the present embodiment, the pulse ex- 
tension device 240 includes a pulse extender 241 for 
modifying the duty cycle of the sliced signal V or the 
calibration signal V in order to generate the first mod- 
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ifying signal V , and an inverter 242 coupled with the 
pulse extender 241 for generating the second modifying 
signal V , inverse to the first modifying signal V . The 
tunable charge pump 250 includes a tunable current 


source 251, a first switch 252, a second switch 253 (the 
first switch 252 and the second switch 253 will be turned 
on when their input signal is at high level), and a tunable 
current sink 254. For example, when the first modifying 
signal V is at high level and the second modifying signal 
V is at low level, the first switch 252 is turned on and the 

2 

second switch 253 is turned off. And when the first modi- 
fying signal V is at low level and the second modifying 
signal V 2 is at high level, the first switch 252 is turned off 
and the second switch 253 is turned on. 

[0017] 

[0018] when the data slicer 200 is in a calibration mode, the 

multiplexer 230 outputs the calibration signal V j to the 
pulse extension device 240 according to the selection sig- 
nal SEL. The calibration signal V is a periodic signal 
with period T and duty cycle preset to 50%. And initially 
the output of the pulse extension device 240 equals to its 
input before the pulse extension device 240 being ad- 
justed by the determining circuit 290. Theoretically, if the 
tunable charge pump 250 is an ideal one, the level in- 
crease at node A due to the charging process should be 
exactly eliminated by the discharging process during each 
period T of the calibration signal V . In result, the level 

C ideal 


at node A at each time instant NT should remain the 

c 

same value for any integer N. However, in practical, the 
tunable charge pump 250 would not be an ideal one so 
that the charging current always mismatches the dis- 
charging current, which in turn results in that the level at 
node A will change rather than stay at a constant value. To 
solve this problem, the level at node A is fed to the inte- 
grator 270 to get the accumulated level at the node A. The 
output of the integrator 270 is then fed to the ADC 280 to 
get a digital version of the accumulated level at the node 
A. Let U(N) denote the digital version of the accumulated 

level at the node A at time instant NT , where N is an in- 

c 

teger. The determining circuit 290 is then employed to 
compare the values of U(N ) and U(N 2 ) with N <N in or- 
der to determine how to adjust the data slicer 200. 
[0019] when the value of the output signal of the ADC 280 de- 
creases, i.e. U(N )>U(N ), based on the structure shown in 
Fig. 2, the determining circuit 290 can calibrate the mis- 
match in one of the following manners: adjusting the 
pulse extender 241 to enlarge the duty cycle of the first 
modifying signal V , adjusting the tunable current source 
251 to enlarge the charging current, or adjusting the tun- 
able current sink 254 to lessen the discharging current (of 


course, more than one of these manners can be executed 
at the same time). On the other hand, when the value of 
the output signal of the ADC 280 increases, i.e. U(N )<U(N 
2 ), the determining circuit 290 can calibrate the mismatch 
in the inverse of the above three manners. 
[0020] | n the structure shown in Fig. 2, the first modifying signal 
V is inverse to the second modifying signal M^, the first 
switch 252 and the second switch 253 are turned on and 
off alternately. However, the first modifying signal V does 
not necessarily have to be exactly inverse to the second 
modifying signal V . The determining circuit 290 can ad- 
just the duty cycle of the first modifying signal V and the 
second modifying signal V* 2 respectively in order to in- 
crease the resolution of the adjustment. Please refer to 
Fig. 3 showing a block diagram of a digital data slicer 300 
according to the second embodiment of the present in- 
vention. The difference between the data slicer 300 in the 
second embodiment and the data slicer 200 in the first 
embodiment is that a pulse extension device 240 in the 
second embodiment includes a first pulse extender 341 
coupled with a multiplexer 230 for receiving a sliced sig- 
nal V or a calibration signal V to modify their duty 
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cycle in order to generate a first modifying signal V , an 


inverter 342 coupled to the multiplexer 230 for receiving 

the sliced signal V or the calibration signal V to out- 
out ideal 

put them after inversion, and a second pulse extender 
343 coupled to the inverter 342 for receiving an inverse 
version of the sliced signal V or the calibration signal V 

out ~ ideal 

to modify their duty cycle in order to generate a second 
modifying signal V . In this embodiment, a determining 
circuit 290 is capable of calibrating both the first pulse 
extender 341 and the second pulse extender 343. Based 
on the structure shown in Fig. 3, when the value of an out- 
put signal of an ADC 280 decreases, i.e. U(N )>U(N ), be- 
sides the three calibration methods mentioned above, a 
fourth manner to increase the adjustment resolution more 
is available by adjusting the second pulse extender 343 to 
shorten the duty cycle of the second modifying signal M^. 
[0021] | n t he embodiments described above, the first switch 252 
and the second switch 253 will be turned on when their 
signal input is at high level. However, it is also possible to 
have another design where one of the switches is to be 
turned on when its signal input is at high level, while the 
other switch turned on when its signal input is at low 
level. Please refer to Fig. 4 showing a block diagram of a 
digital data slicer 400 according to the third embodiment 


of the present invention. The difference between the data 
slicer 400 in the third embodiment and the data slicer 200 
in the first embodiment is that a pulse extension device 
240 in the third embodiment does not include any in- 
verter, and a first switch 452 of a tunable charge pump 
250 is turned on when its signal input is at high level and 
a second switch 453 of a tunable charge pump 250 is 
turned on when its signal input is at low level. Except this 
difference, the operation in the third embodiment is the 
same as that in the first embodiment. However, the ad- 
justment resolution in the third embodiment may not be 
as good as that in the second embodiment. 
[0022] As an example, the person skilled in the art can simply 
combine a single OR gate (or AND gate) with a single 
buffer (for delaying signals) into a single pulse extension 
unit, and combine a plurality of pulse extension units with 
one or more multiplexers controlled by the determining 
circuit 290 into any of the pulse extender described 
above. Also, as an example, the person skilled in the art 
can simply compose the tunable current source (or the 
tunable current sink) by using a plurality of current 
sources (or current sinks) combined with different 
switches controlled by the determining circuit 290. 


[0023] | n addition, an advantageous property of the present in- 
vention is described as below: The calibration strategy ac- 
cording to the present invention is flexible so that the 
present invention is feasible for a variety of operating fre- 
quencies. For instance, assume that in the three embodi- 
ments described above, the adjustment resolution, de- 
noted by R t> of the pulse extension device 240 is T/100, 
and the adjustment resolution, denoted by R, of the tun- 
able charge pump 250 is 1/100 (I and T are preset con- 
stants). For example, consider the data slicer is process- 
ing low frequency signals wherein the period of the data is 
T and the charging/discharging current of the tunable 
charge pump 250 is to be 1/10. It can be seen that the ra- 
tio of T to R is higher that that of 1/10 to R. Therefore if 

T I 

an error exists, the determining circuit 290 can coarsely 
tune the tunable charge pump 250 and finely tune the 
pulse extension device 240. Another example, consider 
the data slicer is processing high frequency signals, 
wherein the period of the data is T/10 and the charging/ 
discharging current of the tunable charge pump 250 is to 
be I (assuming that the current in high frequency opera- 
tion of the tunable charge pump 250 is 10 times to that in 
low frequency operation). It can be seen that the ratio of 


T/ 10 to R is lower that that of I to R . Therefore if an er- 
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ror exists, the determining circuit 290 can finely tune the 
tunable charge pump 250 and coarsely tune the pulse ex- 
tension device 240. Accordingly, the system can operate 
under a high power or low power environment and is still 
capable of calibrating current mismatch. 
[0024] Among the three embodiments described above, if the 
value of the output signal of the ADC 280 remains the 
same or are substantially the same, i.e. U(N )»U(N )„ , it 
would mean the determining circuit 290 has successfully 
calibrated the current mismatch. In this case the system 
can then end the calibration mode and enter into a signal 
slicing mode. The selection signal will switch the multi- 
plexer 230 to output the sliced signal V to the pulse 

out 

extension device 240. And in the closed loop composed of 
the comparator 210, the multiplexer 230, the pulse ex- 
tension device 240, the tunable charge pump 250, and 
the low pass filter 260, the sliced signal V can accu- 

r out 

rately represent the value of the input signal V . 
[0025] | n contrast to the prior art, the data slicer according to the 
present invention is capable of calibrating current mis- 
match so that an error may not be enlarged as in the prior 
art. Moreover, the system according to the present inven- 


tion can apply different calibration methods according to 
different operating frequencies so that the processing 
range can be improved and the stability under different 
conditions can be improved. 
[0026] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 


